The effects of white light and decapitation on the initiation and subsequent emergence and elongation of lateral roots of apical maize (Zea mays L. cv LG 11) root segments have been examined. The formation of lateral root primordium was inhibited by the white light. This inhibition did not depend upon the presence of the primary root tip. However, root decapitation induced a shift of the site of appearance of the most apical primordium towards the root apex, and a strong disturbance of the distribution pattern of primordium volumes along the root axis. White light had a significant effect neither on the distribution pattern of primordium volumes, nor on the period of primordium development (time interval required for the smallest detectable primordia to grow out as secondary roots). Thus, considering the rooting initiation and emergence, the light effect was restricted to the initiation phase only. Moreover, white light reduced lateral root elongation as well as primary root growth.
The importance of the root tip in the control of at least some phases of lateral root formation has been well established (1, 18, 19, 22, 24) . Previous reports (3, 4, 8, (18) (19) (20) 22 ) have led to the conclusion that inhibitors oflateral root emergence are produced or released by the root tip. ABA, which appears to be produced in the root cap (10, 11, 14, 23 ) at a higher level in roots exposed to white light (15) , has been suggested as one possible endogenous inhibitor of lateral root formation (3, 4, 6, 22). However, these results were obtained with roots grown in situ. Very few reports on the effect of white light on lateral root formation in vitro have been published. Little is known about the effect of white light on lateral root formation except the fact that light inhibits rooting (21). In the present paper, some data on the effects of both white light and decapitation on lateral root formation of maize root segments cultured in vitro are presented and discussed.
MATERIALS AND METHODS Plant Material. Caryopses of Zea mays L. cv LG 11 (Assoc. Suisse des Selectionneurs, Lausanne, Switzerland) were surface sterilized (ethanol 70% and NaOCl 5%) and germinated in sterile Petri dishes. Root tips (10 ± 1 mm) were excised from primary roots (15 ± 2 mm), and either kept intact or decapitated (at 1 mm from the tip).
Culture Medium. A White's II medium supplemented with 1.5% sucrose instead of 2% was used. The pH of the medium was adjusted to 6.0 ± 0.1 (KOH 0.1 M). Sterilization of the culture medium was performed by filtration under pressure. Culture vessels were 100-ml Erlenmeyer flasks, each containing a single apical root segment in 20 ml liquid medium. Incubation was for 5 or 10 d in the dark or in white light (fluorescent tube, Philips 8W/33; 2.6 w * m"2 at the root level) at 24 ± 1C, in a controlled environment chamber.
Growth Measurement. Root lengths were recorded on shadow photographs using a digitizing pad (HI, Houston Instruments, Austin, TX) interfaced with a microcomputer (ABC 80 Luxor AB, Motala, Sweden).
Staining Method. Roots were fixed in absolute ethanol:glacial acetic acid (3: 1) and stored at 4°C. Subsequently, the roots were washed in distilled H20 to remove the fixative, and hydrolyzed in 1 M HCI at 60C for 6 min. The roots were then placed in Schiff's reagent (Feulgen stain) for 2 h. Using fine forceps, the cortex of the root was peeled off. Thus, the detection of the smallest primordia (purple stained clusters of cells), which are normally not perceptible by transparency through the cortex, is possible ( Fig. 1) . This is important in order to measure with accuracy the mean distance between the primary root apex and the first primordium. 
RESULTS

Light Effect on Primordium Initiation and Lateral Root
Growth. Histological investigations showed that no primordia were present in the apical root segments at the beginning of the culture. The first primordia were detectable with the binocular magnifying glass after the 3rd d of incubation. Table I shows the inhibitory effect of white light on lateral root primordium initiation. The inhibitory effect of white light on lateral root primordium initiation was expressed in both intact and decapitated apical root segments. However, in decapitated root segments, the formation of primordia in the first apical 10 mm is strongly enhanced in both light-treated and dark-treated segments.
White light acts as well as an inhibitor of lateral root emergence, as indicated in Table II . Relative values of inhibition reported for primordium initiation and lateral root emergence are very close. This suggests that white light essentially acts on the initiation phase. The white light was also inhibitory to lateral root elongation (Table II) as it was to primary root growth (Table  I) .
Light Effect on the Duration of Primordium Development. Primordia emerge as secondary roots after an incubation time of (17) .
As can be seen in Table III , no significant differences in P values were found between light-and dark-treated intact apical root segments. Decapitation Effect on Primordium Initiation and Lateral Root Growth. Decapitation (at 1 mm from the tip) of primary root, showed two effects on primordium initiation and development phases. (a) The location of the smallest detectable primordia was shifted towards the primary root apex (Fig. 2) on decapitated root segments. This occurred for both light-and dark-treated (Fig. 3) . On intact apical root segments, the mean volume is increasing along the root axis. On decapitated root segments, volumes are increasing in the apical half and then decreasing in the basal half of the segment. White light treatment did not change significantly the distribution pattern of primordium volumes on either intact or decapitated root segments.
DISCUSSION
The inhibitory effect of white light on the initiation of lateral root primordium (Table I) did not depend upon the presence of the primary root tip. Consequently, this light-mediated mechanism of regulation may differ from the one involved in the primary root growth control. The inhibitory effect of light on root elongation is considered to involve growth inhibitors produced or released by the root cap (12, 14, 23) , the apparent site of light perception (10, 11, 13, 23). ABA, which is produced at a higher level in light-treated roots (15) , is generally considered as a potent inhibitor of lateral root formation (3, 4, 6, 22).
It has also been shown that light could enhance ethylene production (5) and promote a preferential acropetal transport of auxin within the root (16) . Both ethylene and auxin are known to promote lateral root initiation and development (2, 3, 9). Thus, current information on ethylene and auxin effects on lateral root primordium initiation suggest that light should promote primordium initiation by increasing the endogenous levels of these growth regulators within the root. The data presented in this issue do not fit such a model. This apparently contradictory result could be explained by suboptimal levels of ethylene and auxin induced by the white light treatment. According to this, Goodwin and Morris (6) reported an inhibitory effect ofethylene on lateral root production. Data on the light effect on endogenous levels of ethylene and auxin, in our specific experimental conditions, are then still needed. Nevertheless, several unanswered questions still remain. For example, it would be of importance to demonstrate if there are any auxin and ABA gradients along the root axis, related to the acropetal sequence of lateral root initiation.
Previous reports (2, 8, 18) have pointed out that there are at least two distinct steps (initiation and emergence) in the development of lateral roots. Present results show a white light effect limited to the initiation phase.
After 5 d of incubation, the total number of primordia was lower for the decapitated root segments (Table I) . Decapitation had no effect on mean primordia number per centimeter of root segment. However, decapitation increased primordia initiation in the first apical 10 mm of root segment. According to this, critical comments of Wightman and Thimann (22) about the validity of a comparison between apical segments of decapitated and control roots, seem to be relevant. Actually, a prime effect of decapitation is to move the site of lateral root initiation to the apical region of the segment. The difficulty lies in the fact that control roots never produce laterals in this region.
There is a shift of the site of inception of the most apical primordium, towards the primary root tip, in decapitated roots. This indicates that growth inhibitors produced or released by the root cap and diffusing basipetally may inhibit the initiation phase of lateral root development, though the inhibitory effect of white light on primordium initiation does not depend upon the presence of the primary root tip.
In intact apical root segments, the rate of increase in primordium volumes was neither linear nor exponential between the time of primordium initiation and its subsequent emergence as a lateral root (Fig. 3) . Similar data were reported (7) for lateral root primordium of Vicia faba L. The distribution pattern of primordium volumes along decapitated roots suggests that the increase in number of primordia in the apical region of decapitated roots, should not be discussed only in terms of decrease in the rate of primary root elongation. Such a distribution curve rather shows that endogenous compounds are controlling, maybe antagonistically, lateral root primordium development.
White light had no significant effect on the distribution pattern of the primordium volumes, nor on the duration of the primordium development (Table III) . This is in favor of a white light effect restricted to the initiation phase of lateral root formation. In addition, the fact that the inhibition of the rate of lateral root emergence by light was almost equal to the inhibition of the rate of primordium initiation (Table II) supports this hypothesis.
These findings suggest that white light regulates lateral root formation of apical maize root segments cultured in vitro at two distinct levels: lateral root primordium initiation and lateral root elongation. The developmental phases occurring between the initiation and the emergence of the lateral root seem not to be light,inhibited. The comparison of the distribution pattern of primordium volumes along intact and decapitated root segments suggest that endogenous regulators formed or released in the root tip are involved in the regulation of primordium initiation and development, though the regulatory effect of white light seems not to depend upon the presence of the primary root tip. 
